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DESIGN OF TNE R!3CllN Q SYSTEN

James F. Narrison, Thomas Koxlwaki, kichard A. Fioyd, James F. Aaann,
Gail T. kderaon, Kichael A. tithoudt, ●nd Dennis G. P@rr~

Los Alamos National Laboratory
Loa Alamoa, NM 87543

Abstract

The preeenf. LAl@F Q data ●cquiaitionjanalysie
moftware system is beir~ converted to run under the
RSX-llN operating syetem. Major aubeystema have been
redesigned to be compatible with RSX-lM ●nd to
provide enhanced functionality. In ●ddition, t~ new
majar eubsystame hav~ been designed: a teat packaga
eubsyetma and a real-time parameter ●rray ●ubsyotem.

fhmary

The Q data acquisition/analyaia syeten for Uge
under the REX-1 ID operating ayotem on Digital
Equiwent Corporation (DEC) Prp-11 minicomputers has
been in use at thetoo Alamoa lkson Physica Facility
(LANPF) for several years. 1-4 During this time the
need for additional capabilltiea has be~n pointed out
by usere. Thie has prompted ●n effort to develop ●n
enhanced vereion or Q. The nw veraion ofQ runs
under the itSX-llN operating system. mis paper
describee the current effort and the ●dditional
featurea of RSX-llN Q.

lhe ●ubayatem~ of Q (ehown in Figure 1) ●re:
1) data collection, 2) data replay, 3) hj-togrammlng,
4) hletogr~ cupport ●nd dimplay, 5) dotpiotti,tg,
6) teat p~ckage, ●nd 7) real-time parameter ●rray.
The test package and reel-time parameter ●rr~y are new
●ubaystwas to Q.

In the data collection ●ubeystam, new featurea
include: 1) ●n ●vent sixe limited only by the ●ixe of
the buffer in the CANAC branch driver (the BiRe
HBD) - approximately 3000 16-bit ‘words, 2) filterinc
of raw data before taping, 3) teping of ●oftwarc
Senerated data, and 4) better u.er •cce~~ !:o th~
●yetam.

The data replay subsyetae ●haree ooet of the new
features in the data collection subsystem, including
~eneration of output tape- containiq “filtered” input
datz.

The rcdemign of the hiatngreomin~ subsyatea ;S
baeed on ●n RSX-IM 1/0 driver. It has ● hlotosrm
block mode ●0 that ●ll hietogrme in ● block can be
updated with ● single call to the driver in order to
●inimise tha hietogr~ndn~ ttme overhead.

A ueerwritten test packa~e hae bean in uee by
●oma uatrn ●t LAMW. A redesigned package is part of
the otmderd R8X-IIJI Q ●yotem. lhte ●ubcyetem
provldea ●ingle per~tnr cute, two par~eter cuts,
bit tests, ●tc., on the deta. Tbete can be Urouped
togother (n vartoue -Y.. The usar and the
htoto~rammtlg subsyotem can then use the reeulte of
theee teots to detarinine ●n ●ction to be taken.
Hietogremn can ha “gatrtd” by the reeulte of tho teote.

— .. -_ ._. .._ ._
*

Work supported by the 11.S. hpartmant of t%rr~y.

The hiatogrem ●uppurt ●nd dieplay ●l!wyscem
provides ●n interface with the test package ●o the
ueer can dieplay cute and modify them using cureor
input. ALao, flexible hiotosram setup facilities ●re
now eva%lable from the keyboard.

me real-tima paraeeter ●rray aubeystem provides
keyboard tacks to initialize ●nd modify real ●nd
integer arrcy alements within the ●nalyzer task.
Theoe ●rray ●lements can then be used in the ●nalyssr
for whatever the ●xperimenter deame ●ppropriate.

This vers:on of Q providea many new features
which ●re needed to support more c~lex ●xperiments
which are being plenned ●t LAWF +nd which aaka it
caeier for tha user to devalep more c~lex data
●cquisition and ●nalysis ●oftware.

Introduction

!!!s?EY

The Q syatew wae created to provide ● Seneral ●nd
relat~vely c~lete data ●cquisition syctem for uoe
with experiments ●t LWF. It wae written to run on

Fi&re 1. R!3X-IIN Q date acqui@ltion/anelycla ●yetam
fi&l”fi~e mn,jor data flow batueen ●uboyetema. The
three top cwtter boxee rspreeent the data
coll@etlon/data replay ●ub-yetam.
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.
lEC PD%l 1 computers under the RSX-llD operating
Iyetem mf has been in use since ●bout 1975. At that
,ime, RSX-llD was the most suitable operoting syetam
‘or accomplishing the desired objective. hcently
1979’ I multiuser verafon of Q replay waa writtan to

‘un Idar the VNS Oparating ●yatem on the DEC
lAX-11/780 computer.

When the R8X-lJM oparating ●yatem firet bee-e
Lvailable, ●one ●tudiea ●nd preliminary work were done
LO produce ●n RSX-lJM veralon of Q. Thfa affort wea
lot fruitful becauae of the unforaaen ●ize of the
>roject (RSX-lJM waa not ●a similar to RSX-llD ● s
~rfginally clafmad by DEC) ●nd becauae of tha manpower
requiramente.

Bmcauae of the retirement of the RSX-1 lD
>peratin.g ●yatam by DEC. the lmentivo to convert the
J system to RSX-1111 incraaaed. Furthermore, in the
Intervening yeara RSX-lltl haa lmprovad to the point
that it now haa moat of the featurea of R8X-llD and
Bona features not present in RSX-llD. Additional
incentive ●rla(.a from several deficianciea that hava
become apparent in ●pproximataly ●ix yeara of ueing
the Q ●yntem Fbr theta reaaona, the convaraion to
RSX-lltl ia baing carried out.

Overview of the Baaic Q - Syatam—

Tha Q ●yatam ia baaed on tha etandard data
●t ,uiaition rmmputar system ●t LAW?. Thie ●yatam
include. a PDP-11 CPU with ● memory management and
hardwaro floating point units, 256K bytes of memory,
at leaat 4 &l bytaa of disk ●torage, magnetic tape, ●

terminal, ● graphico CRT, a printer/plottar, and ●n
MBD branch drivar. The HUD la ● programmable branch
driver. It contalna sufficient memory (up to 8K
bytes) for ●xtensive data ●cqulo~tion code, and ●

large dmtn buffer.

A LA!tPF-deaignmd CMAC “trlggar modulc$’ provldoa
● mtandard interfaca to the ●xperiaant. lhe module
●llowa 32 trig~ar inputs which ●re priority-ordarod by
tho modula. h event trigger recaivad ●t an ●nablad
input ganarat.aa ● LAM which cauaea the MBD data
●cqufaltion code to ●xecuta. Ihe UBD reade the
highent. prlorlty trig~er nuabar, which haa baan
●ncoded by tha module, ●nd carriea out the appropriate
unrn~apccifiad CANAC ●nd MBD op~rationa far that
trig8er nwab-r. llra date from ●ewral ●vonta 1s
●torod tn tha MBD’o internal buffer. th commend, or
vhon it iB Jlllod, the buffer ie d~p~d to buffar in
tha PDP-11. Ihe data in the PDP-11 buffers can than
b. writt~n to tape an4 distributed for proceaainc.
Thm uaor providma a subroutine (usually writtan in
FORTRAN) for tiach dcflned event. The PDP-I! @naly@fm
pro~rao (“analyuer taak”) callo tha ●ptiroprlate
procomoor ●m it ●canm thrrnqth tha .vente in thm
buffara. For replay, tha PM-:1 data buffara ●re
fillad frun th. Q format, input tnpo lnrnt~ad of from
the MM.

Itria baatc, cy~tom la part of ● ●yatmm of varioua
control ●nd auxtllary taaka that conaticute tha whoio
Q synt@m.

Some limitation of the RSK-llDQ system ●re the
evant size (limited to 254 data words), di~ficulty af

recording ucer (wftware) generated data on the output
tape, some probleme with tape buffara (alma arid
forma t), ●nd difficulties in ftandlimg am*
●xperimental control functions. Srrwa ●dditions to the
R9X-lM Q ayatem which increaac ita uaeiulneeo ●re
toole that provide more ●ffective on-line lntwaetitm
with the ●yatam ●nd with aae~writtan ●nalyzers, ●nd
●ora flaxibla ●vent distribution ●nd proceaaing. ‘Ihe
RSX-llD q deficienciaa ●nd lirdtatlona result in
waated time and ●ffort in finding wrya areund them ●d
in the writing of software by the ua~r which might
bettar be provided with the Q cyatem.

Gnaiderationa that favor conversion from RSX-llD
to RSX-lltt ●re tha followings 1) VAX/VMS ●upporta ●n
%W-ll?l compatibility mode, 2) tha Q ●yatem could be
used outeide of LAWF wheLe there ●re many R8X-li!t
Inatallationa, 3) there wmld be acceao ta the large
●mount of RSX-lltt software available in tha RSX uaar
commnity, 4) RSX-lIM ●upporta new hardwara that
RSX-llD does not, ●nd 5) RSX-lltl haa some very ueeful
foaturae which ●ra not ●vailablo under ASX-IID, ●.g.,
memory managamant directives ●nd memory reaidcnt
ovarlaya.

J&ta Collation Subeyat~

amp onant~

I’lajor compon?:ica of tha data collection ●ubayatam
arei 1) uAL-?ICD coda, 2) the data ●nalyaia taak
(analyter), 3) e~’ 1/0 driver - ACP, ●~d 4) &he
keyboard commend t~’mka. Plguro 2 ●howa the major data
●nd control flows for this ●ubayatem.

‘Ihe (JAL’ lang(.aga la used to define the CAIIAC
upar~ttona to be performed when u particular avont
trig80r ia recaived. It remaina ●aatntialiy the ●erue
aa under RSX-llD. QAL producae ●n object module
containing ●vent ap~clfication tables that to read
lnco the MBD. Thnae avent ●pecificationa ●re us-d by
the f.able-drivan intnrpretlve cod. in the Mtfl to
porfom the ●pocified CA!lAC●nd othwr operat~ona when
●n event trigter haa boon recaivod by the LAt@F
t~lgger module. i

lhe ●nalyser la ● nonprivilScd RBX-lIN taak that
conaiato of ●tandarl Q ●yatem support routines nnd
user written ●ubrol.tinoo. lhe q ●yctem support
routlrtoe perfom the @!*atom Inltiallantton, the
retrieval of data buffer’,, the distribution a. ●vanta
to tha p~ocoaofnS ●ubrhucinaa, and synchronlaation
Wfith the rest of the q ●yat~. The
●xperiment-spactflc uaar written part eonsiats largeiy
of aubroutints io proceao tha data for fndlvlduai
ovettta. ‘Ihaao ●ra g~norally writtan in FORTRAM. Iha
annlynsr tack nlao conlslno the data boifora ●nd the q
data baae.

lhe underlying ●yat~m la impiemant~d aa ●n
RBX-I IN driver (parl of tho ●xocutiva) and ●n
Anctllary Cbntrol Procmaaor (ACP) which I- ●

pr!vtlegad taak that a~~nonto .Im $rivar. ‘the AC?
records the data buffers on ma~net IC tape, contalna
tt.e MM lnter:upt ●orvlca roulinm, cd ●ynchrn~ilsqa
And controls the op~ratlon of the Q ●yetem. The 110
driver ia the ●tma, but d~fferant ACFa ●re uaad for
data ●tqutaltton and raplay.

ma q @yst*m la controlled frora ● t~rntnal by
keyboard command tn~ke. lh~ao tagka ar~ similar to
those for RKX-IID ~ with the addition of the QCtl



user data buffern (output) are in the ●nalyzer task
providtng fast and easy acceae.

Figwra 2. Data ●nd control flw diagram for the data
collactlon/data replay aubsystoms. S1ngle lines
rapreeont 1/0 requeata a..d double linas raprsoont data
f~ov,

comnond which ●llws anterirrg comment linat into ●

●pecial commont record on tho output tnpa. Somo of
the othor commands hava different u~er intarfacom ●nd
somawhat diffarenc functtonalitiea. ‘lb- QBE and QKI
cotncranrlmsro uoed to @tart up tho Q ●ymtom including
tho loading of the NBC) coda ●nd to termfnat~ tha
cystom. QDEis ●lDo wood to pass tho CAMAC●ddraao of
the ~rlgrnar modula qnd the tlIW buffer ●ico to tha
●yatam. II}. run control commands tJRU, QFI, QSU, QRE,
ara Uoml to ●tart, atop, suopond, ●nd renuaa rur,a
raopactiv,lyo ma taping control comma’lda
QET, \)IT, QNT, QCT, ●nebla tapina, lnhiblt taping,
mount nru tapaa, ●nd cloaa out output tapoa. A
cmwnand paramotar ia uaad to daaiSnato whathar an
input or output tape ia balng rafarrod to. Tha ●vmnt
contrn? c.ommenda QKN, QPA, ●nd QDC ●ra ueod to
onabla~dinablo ●v~nt trigsara, daclara ●venta ●a

“MUOL”* “-y” or “no” procaaa, and trlS&ar ●votrta ●t
the triggar modulo. “tiuat” procaca ovonrm will ●lwmyo
be proconaad, “ma#’ procaaa avanta w1ll be procaaa.d
if tharo In aufflclerrt buffer apaca for now data, and
“ W“ procoaa ovontm will never hn proccaaod. Tha QST
command raporla the status of Clm Q ryattmn. Vor lrrua
ststua opt Iunn are avallahlo which make tmch mnra
otatua Informst ion avatlahle than In the R!lX-llD Q
●yatom.

Naw haturea——-- . . . .....—

Tha uaar haa mor~ control lrr tha R!lX-llN Q ●ystam
ov~r tho data Whtrh to wrt:ton to tape. n~~ option la

availabla of writtng to tape only thoa. evmta which
● ro found to ha acroptahla by the prucnaains routine.
Thi# procailure la rafarrod to *O “filtortng”. Thie la
paactlcal bacaumo the raw data burfarrn (input) ●nd

‘lha event size is limitad only by the size of :ha
MBD buffer (a maximum of approximately 3000 16-bit
words) or the size of the PDF-11 buffer, whichever is
smallar. Tha sizen of the NBD and PDP-11 buffera are
dafined by the user. The user can alao specify the
nuober of PDP-11 buffers of each type (raw data and
user data buffers).

Since tha buffere ●re present in the analyzer
taak, the user can be allowed ❑ore freedom In
●ccesaing event data. Lo particular, it ia possible
to retrieve portinna of an eveht for a “quick look”
before daciding to retrieve the remainder. Standard
aubroutinaa ●re provided to mova an event or part of
●n event into a local array, move a local array into e
user data buffer for output, and move an evant from a
raw data buffar into ● raer data buffer. &ternal
taaka ara ●ble to :mite data to she output tape by
iamuing ●n 1/0 raquoat to tha Q davica drivar.

A function is providod that allowa the analyzer
to ratriava ●ny alemant from tha Q data baaa. For
inatanca, tha user may want to detarmina if thera la
timt Available to carry out mora exterteivo
calculation on particular avant data. B6th raad snd -
write ●ccesa to the data baaa is provided for axternal
taaku through an 1/0 requaat to tha Q device.

Tha RSX-1111 Q system ●ut’fers from ● I,ack of
proviaiona for user control ●nd intervention ●t
cartaln points such ●a starting, stopping, ●u-pending,
ralumins runs, ●nd on ●ncountering tha ●nd of tape.
RSX-IIM Q provldea more optional taaka ●nd aubroutlnea
that may be invoked ●t crl~tcal points. ‘thaka with
pradafinad standard namea may be requaated to run
before ●nd ●fter ●cceacing tha hardware (LAtfFF triRger
module) when stripping, starting ●uup.nrling, and
reauning runn. In addition, ●ubro,~tlnen with standard
neama may ba calltd in the ●nalyxcr taak whenever a
control ●vent (cLop, ●ca,t, au=pwnfl, or reauno) is
●ncountarad fn tha input data ●tcoam. (Each timo ●

control f’mction such ●a stopping oi fiLarVing a run la
done ● special control ●vant la put into tha input
data straam.) Pradaftnod taaka ara called when an ond
of tape mark ia ●onnad on an output tapa ●nd when an
●nd of Voltzae mark ia ●ncounterod on an input tapa
(raplay).

Wra Claxibility haa bean added to tha tlBl) codo.
Aa aantioned above, tho uaar can tailor the MBt)buffar
afsa to hla particular naeda. A “FLUSN” QAL ●tatenont
haa been ●ddad that cauaaa tha ttBD buffer to ba dteaped
to tho PDP-11 when tha ●cqufaltlon of tlm current
●vant ia complata. lha POP-II buffar that the
“fluchad” ●vent ●ndo up la then rloflnarl aa conrpieta
●nd ready for procaaalna. lhia faature ia noedad to
prnvida quick analyser t=ak roaponaa to evanta that
tmplemont ●xparimmnt control funrtlonb. Tha R!!X-llD
QAL’’t)UlP” ●tatm!wrnt, whfch simply caupod tha IIBD
buffar to ba dumpd to tlw PI)P-11, ia alan ●vnllabla.
Stnco Pl)W1l/7t)0 and I’Di’-ll/44a, wh~r,h are 22-bit bun
marh!naa, wfll bo wood at LA!fPF in the near futuF* for
data acqulattion, tho Ifhl) (An lff-bit Unibue devtca)
support ●oftwaro 11110boon modtfiod to uao tho tlnitrua
Mappin@ Reglitnta of thasm mactrlnno.

Tho main dtffercnco batwen thm data replay
●uhnyntem ●nd this datn rolloction @ubayst@m is thnt
tlm input ●tronm tn tho q ●yntalfi ta from data tapan
inntmmd or CAMA(:. In thin rame, lhe Intmr:upt morvica
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~~ routine to handle UliD interrupts ie replaced with a
routine to read the input data tapee. Also, there ia
mo QAL counterpart Iti the replay aubayatear.

‘he Q system was deeigned so that at a later time
multiuser replay and alao concurrent replay and data
●cquisition can be easily implemented. Each user
would uae a eeparate unit of th< Q device and would
have hia own rsnalyzertask and his own copy of the
●ppropriate ACP tack.

The raplrry aubsyatem k?yboard commands htrve the
came functionality as the data collection commands.
To distjngulsh them they. begin with the letter “x”
inetead of “Q”.

Nistogremning “Subbystem

The Q histogram management aubaystem allows the
uacr to create, delete, store data in, and retrieve
data from histograms. In converting the RSX-llD
subsystem to RSX-lIM, several new features have b~en
added:

● A block mode of histogram ●ntry is provided
which allows several histo~:,rams to have data
entered by a single subroutine call,
aimplifyin~ the logic of the traer task and
decieaaing overhead.

ocating of hivtogram entry by logical teata is
allowed, either through the Q test package, or
by a user-supplied test subayatem.

O fiue multiuser htatogrmrming with protection of
data ia supported.

O me subsyntem no longer limits the nunbe-. of
hjfitogrocro that may be dafined, nor does it
licrit how much memory may be used for histogram
storage.

o Each histogram bin may contain from O to 6553S
counts. Up to 2048 bine in each hiatogrem may
“ovarflow” Into ●peciol counters which allw
the maximum count to be b,294,967,295.

o ~ta to be hietogrammed may be an Integer in
the range-32768 to +32767. (The data value ia
converted to a bin nuaber.)

9 Arbitrary positive integer. may b- ●dded tc
bins, either event-by-event or ●a an array put
into a series of bins.

The new block histogram ent!y mode in prcbd?~y
the moat important Improvement to the aubaystem.
Under the RSX-llD aubnyste[~the user scattered cane
to the hlatogrrn ●ntry ro~ltjnea elmost at random
throughout hin code. In ordar to mnlrrtain triatogrsm
●ntry speed, ● hidden buffering scheme wua raqutred
that csused confuclon whan the buffers were not
properly flushed. In the RSX-llM aubaystem, the veer
pu~e block hiatoSrzm entry ca”ilo in him code at
lC ations where there la a ●lgnificaot amount of d~ta
that neede to bo hletosrammmf, e.g., where raw dnta ie
received, where klnwmstfcm calculations ● re completed,
where valid c.olncldencea of proper particle typee are
determlnod, ● tc. Furthe&more, the user code doaa not
naed to know whfch hiatogrmns aro deflnad, ●lnce the
subsystem doos thfm for the user.’

‘fha central control moduia in the ●ubsyatem iS
the RSX-lIN 1/0 driver MN. k 1/0 drizor W$C chonan
tJ meko use of the atand~rd Interface supplied by DEC

between user and privileged code. (Privileged code IS

required for fast acceaa to dats stored outside of the
user taak.) Furthermore, in the future we hope to
implement histogram storage in special per~phera~,
memory (a “histogram box”) for which an 1/0 drf-;av
will be required. Gmamnication with HM la via
etandard operating eysten 1/0 requesta with eeparate
1/0 requests provided to implement each of the actions
requited of NM. Since uae of 1/0 zeques~a ia
complicated for the typical user, a set of aubroutinee
and taaka 1s provided to interface to HM. The
subroutinea are:

o HSTBLKperforms block histogram entry.

0 HSTCLH, HSTCLB, and HSTCLA, respectively, Clear
(zero) one histogram, a block of hfatogr~ms or
all histogrema owned by a user.

o HSTDEH, HSTD!?B, and HSTDEA, respectively,
delete one hlatogram, a block of hle.ogrema, or
all hiatogrsma owned by a user.

O HSTHPU relrievee the partmw.era defining a
hiatogrem.

O HSTINI ●nd HSTTIN irriti..izc communication with
HM for a task doing h~atograrb entry. .

0 HSTNEHallows mul’.iple entry hiatogrmns, i.e.,
entera data j.ito several bins of a single
histogram wi?h a single aubroutin,e call.

O HSTWN re.rievea a list of al] awnera currently
known t~ HI!.

O HS’JT&f retrieves the data from a histogram.
l_r.ta for a hfatogram may be retrieved by any
tmak In the ayatem, making data display simple.

o HSTSU aeta up (creates) a ncw l~istogram.

o .ISTUPD allowa the user to put an ●rray of data
into ● histogram. ‘Drc array may either
overwrite or b,! added to the current histogram
contents.

The inte;face taaks ●llw the ueer to control the
●ubsystem from tha keyboard:

* HBE makea u uner known to f!M ~nd ●llooatea the
required datm bnsea.

* HOP removes ● user from 101 nnd releaeea the
dnta basea.

O HPK ●llrrwa the user to inspect the data ●torege
region. A future varston will al~o ‘allow the
user to manipulate the storage ar~aa to reduce
fragmentation of memory.

W mairrtaina one data base to deocrlba math
hlatogram owner and three other data baaca for each
owner!

0 lhe owner tribla contalna ● list of users who
have been cmdn known to MN. Wnera ● ra
dietingutnhed by their unique Ussr
Identlk’lcntion Code (IIIC). “the owner table
aleo containe r poinLer to each owrror’e block
table.

0 Tha block tabln containn Q Itet of pointere to
th~ flrct h!ntrr~ran de~c,rtptor dafinad for each
histogrnm block. ‘lho hlntagrai rfencriptorsin



the block form ● linked list with ●ach
histogram pointing to the next one in the Iiet.

o A histog..-am descriptor exlsta for each defined
hietogrmn and contains all the definition
Information r~ WEll ae special atatfstics about
the hiatogrsm (e.g., how many histogram entries
failed because the data was outBide the bounds
of the histogram). The descriptor.s are stored
contiguously with the data.

o lhe data storage region cannot ba in the user
task, which is limited to 64K bytea. lhe data
in kept in an RSX-lIM memory management rtigion
that is maintained by Ktl (d$rect acceas by the
ueer task would be very sIw). A separate
region fs maintained for each owner.

The subsystem implement almoet ●ll functions
requested by the mere and rcwquirea considerably laoe
epace in memory and in the ueer tack than the old
RSX-llD subayatem. lhe only speed-critical oporation
in the subsystem is histogram entry which must be done
on an event-by-event basic. The time for histogram
entry in milliseconds le approximately

T - 2.72 + 0.14*n

on n PDP-11/34 where n is the nunber of histograms in
the block.

Histogrsm SUPPort and Dinplay Subsyoteu.—

The hietogrem support and diepldy aubsystem7
allows the user keyboard accesa to most of the
functions provided by the hlatogrmm eupport subsystm.
Experimenters rarely hsve the time or facilities to
develop generrnlized histogram setup and display
programs. ~erefore, thin aubsys~em is provided to
allow effective use to be made of the histogremmtng
subsystem. Tasks are provjded which all~ the user to
create, clear, and delete hietograme (HSU); lint
information about hiotograma currently defined (HL1);
print histograms (NPR); and display histograms in d
nunber of different formats on ● TEKTRONLX4000 s“eries
(or compatible) terminal (HPL). Hletograms may ●1s0
be saved into e file (HSV ●nd HTR) for later display
and ●nalysie.

HSU (Hintogram Set Up) ie the only tark il. thd
histogram eupport and dlxplay suboystem which did not
exi st under RSX-llD. Nlotogrsms may bo created using
HSU in o number of different ways:

e The user entere histogram paremotara from ths
Keyboard. When a histogrmn ie complecoly
defined, it la created.

o ‘he uner speciftea tho name of ● hiscugram
which already exittte, along with parameter to
be chnnged (e.g., chango the x rnnge of
hiotogram TDC12 to O through 1024). HSU
deleteu the nxiating himtogrm mnd recreatea it
with the ncw parameters.

o m)n use r creates ● file daecribing hirntogrema
to be swt up and than spacifies It as input $.0
NSl~ (Ueeful when ~ nwnber of nint~8rame nre
alwnys defined togt?ther).

0 ‘the unor npecifiea the name of a filo
cuntn!nfng saved hincogrwrs (vhfch I{SU
rucreates tn core) or tipecifies that htetogramo
be art up from thm dencriptlone given in the

disk data bane maintained by HSU (descr!bad.
below) . This allows histograms defined in
earlier runs to be net up qdckly (useful when
replaying a run or recovering from a system
craah) .

‘To minimize the am,unt of typing required to create
histograms, NSU ●llows defaulte to be defined for all
histogram paremetcra. In addition to creating
histograms, IISU may ba used to clear and delete
histograms. lhe clear and dalete functions allow tha
user to clear/delete ● sin~le histogr-, ●ll
histograms in a given block, or all histograms
belonging to the user. IWU createe and maintains ●

disk data base uoed by other tacks in the subeystem
(e.g., HPL uees tho data base to store plotting
Informetlon for each histogram). Phtries are added
toldeleted from the data bane as hiatugrsmwi ●ra
created/daleted.

HPL (Hlstogrem PLotting) is similar to the
RSX-llD veraion of HPL but with the addition of a
facility which allowa the user to set up the data
indices and limits for tests in the taat package
subsystem. lb sat up a %indow tast” on ● ~fngle
parem.ter, tho usar dicplaya a hlstogrem of the
parameter, specifies tha nunber of the taat to be set.
up , and then uses the hardware cureor to mark the
lower and upper limits of the window (or, instead of
using the cursor, the user aay,input the valuee of the
limits directly). lb eet Up a “box test” on two data
parameters, the user diaplaya the ●ppropriate two
parmneter hietogrem, specifies the nunber of the test
being defined, and then uses the curaora to box the
area of interest. HPLalso displaya the test nunber
and teat limits when displaying histogreme of
parameters which have had teote eet up on thsm in thie
fashion.

HSV (HisLogram SaVing) hAa been modified to allow
the user to swe test descriptors and test results
from the t~at package subsystem ●nd to save the
contents of the real-time parameter array in a
histogram save film. ttodificationa to the hietogram
save file format nllow these to be distinguished from
histograms and to be retrieved ● t a later timm.

HLI (Nintogram Listing --NIS underRSX-llD), HPR
(Histogram llil,ting)} and NTR (Hietogrem Tlbnsfer)
have not changed significantly in tho conversion from
RSX-IID to RSX-lltl.

Dotplotti~ Subayotsm

The dotplo~..ng aubeyetem7 ●llowa the user to
dieplny live two parameter ecutt,or plots using a
TEKTRONI~ 4000 aeriaa tcrmlnnl screen es ‘etorege’,
These plots are typically ueed during experinontal
●etup and for quick look- at data during tha course of
s run. A single task (1{00) is used to define and
control plots and maintain a disk datA baso daacribing
plote that have been defined (the presence of this
data base allowu plots to be redisplayed ● t ● later
time by ~lmply apocifying the plot rime). Subroutine
● re uvailabl? to S11OW the udor tnek to lnltiali;e the
dot,plottln~ euhev~ten and to plot points.

In c~nverltng to R9X-lIM, two major chnogee have
been mmde to the dotplotting subsystmt:

o tfhtn dnfintng u dotplot, t.hn ucer is able to
rnpactfy thnt rI tout pncka~e teat be paesod/not
pneeed bofora pl,otttn~ n point on the scraen.



~.

~ fie Mer is ●ble to sat Up (using UDO in a
manner similar to the one described above for
MPL) test package teats on data pafra. Tbsta
set Up In this way are displayed when plots of
the data pair aie displayed.

Test Package Subsystem

The test package provides a tool to examine data
on an event-by-event baairr iw a faat and flexible
manner. The results of these teats are available to
the user for decieion making in the course of event
analysis and may be used by the hl!togramming and
dotplotting subsystems as well. In addition, counters
are kept for each teat to provide the user with global
information about the data analysis.

In keeping with the goal of maximum flexibility
only a bare minimum of detail need be specified in the
analyzer at compile time. This consists primarily of
a call to an initialization subroutine and a call to
the general test execution subroutine at the
appropriate place in the analyaia for aach block of
teats to be performed. ml the details about the
feats are contained in a descriptor file which is
apeclfied by the user at run time.

The te6ta are of two basic types, data tests
which examine the data , and logic tests which examine
10CICA1 combination of previous test results. These
generally correspond to FORTRAN ARITNMETIC IF and
LOGICAL IF statements, respectively. Both types of
teats may be freely intermixed within each block of
tasta. Each teet is given a nune~ic label ao that it
may be referenced by the logic tests. The order in
whfch the testa are rtxecuted is determined by the
ordering in the descriptor file. This allows the user
to add teats tit.bout a tedious renunbertng procedure.
Some of the test fu~ctiona that ara implemented in t~.e
tent package subsvntein hre the followfng:

o Windrm Teet - This test is true if a specific
data word ia both graater thnn rrome lower limit
and leas than or equal to some upper limit.

o Bit Test - This tent is true if a specified bit
in ● given data word in snt to 1.

0 Indirect Window Test - This taat has the mama
requir~menta as in the strrrdnrd Window Test,
but data word and limits are provided from
curuor input on a h;stogram.

o Box Test - This test 1s true if two sp~cified
data words ● re both grenter than their
individual luwer Iirrritrr and lens than or equal
to their individual upper l!mits. Both the
dsta word lndiccs and the l{mita aro provid?d
via curnor input from ● dotplot or LWO
paramatc!r histogram plot.

CD ~d Test - Thin test in true if ●nd only If all
the teeto spaciffad to be true ar* actr.inlly
true and all tasta specified to ba falne rira
actunlly fnllm.

o Inclusive Or Tcot - Th!iY tent ie true if *t
Ionot ono of the tasts specified to be true Iu
●ctually true or (Inclunlvq) at Imunt one of
the teats specified to ,bm false lo tictunlly
falae.

The teat packrzge data base contained within the
analyzer task ia structured for rapid internal accesa.
It contains the latest 8-bit logical result iwrd a
32-bit counter for each test, a 32-bit counter for
each block, and pointers to &he beginning of each of
these arrays. It also contains a aet of pointers to
the beginning of each block of teata And to the data
specifying each teat, both organized eo aa to ninimfze
execution time. This data base 1s accesaed frrxr only
two external tasks. lhe test setup tack (TSU) reads
the test descriptor file and updates the intsrnal data
base appropriately. lhe task TSTDDB reads the
Internal data base and creates a disk file which
containa a anapahot in time of it. N1 other external
taska needing information about the tests acceas the
disk file.

The test package provides the users with a set of
functions, subroutines, and external taaka which allow
the user extensive accesa to the test data base while
maintaining the integrity of the system. FTocr within
the analyzer tack, in addition to the initialization
a.ld execution subroutinea previously mentioned, the
user can determine the latest result for any test,
retrieve and/or zero the teat and block counters, and
zero Out the test results for any or all blocks. Ln
addition, a facility is provided for the user to
incorporate information from his own tests into the
test psckage via the concept of a “user test”, and a
corresponding subroutine.

As mentioned above, all access to the test data
base from outside the analyzer task occurs through the
tasks TSU and TSTDDB. Subroutines are provided to
1) retrieve snd/or zero the teat and block counters
uriing TSU and TSTDDB and 2) retrieve or mod~fy test
limits (a~.ain using TSU and TSTDDB). ‘lh~ks are
provided to list the counters for all tests on s
apecifir.1 output device and to ducodc tho teat data
baau as a diagnostic aid should’ that data baae bccmne
corrupted.

l&al-Time Parameter Array Subeystem

The real-time parameter array subaystera allows
the Q user to change the values of variables in hjs
analyzer taak while it ie running. It also provides a
diek backup of the pnrametere.

The ●rrcy of paraneterrr which may require
raal-time accesn by the user is held in ● memory
❑anagement region. ‘be usar interface to the array j,s
through interactive keyboard commanda. Tha i:lterfacc
to the parameter array by the ●nalyrer tas!, arm other
user tanks in through cnlls to subrouti~tes uhich
create arrd map to the memory mnnngcment region.

The paremctcr arrfry cons19tt of four array
sectlona to hold 16-bit integer, 32-bit real, 32-bit
Intzrger, and 64-bit rael valuaa. In order to conserve
annlyznr tnnk virtual addrees npace, the user may
o;jtionnlly choose LO include in the mse region
(follwing the parameter array) the teat pockugu
suhrrystem dnte ba?e ●nri/or the Q dnta base. Ihe whole.
region may not he lmrgor than 16K words.

Tho parzamtor array IS initially set up when the

annlyzer calls subroutlrre PRIICRE which crentos,
attrrchrr., and msps to a mamory mnnagemont rngion. Ih o
annlyzar taak tt]en accenserr the parammter. through n
FOltTRAN common block.

nle ur40r mny perform ttm fotlcmfing functlotlo nt n
kcybonrd terminnl: 1) init!alfze t.ha vnluan in thu
array from n backup file, 2) ~nt vntuotr indivldunily,



.e. , NJ-0. 43, 3; aerlne synon~a to uae when
●fersing to indfvtdwal parameters or groups of
●quent ial parameters, i.e. , 121: -S7PED, k) back Up
he values in the region to a disk file at any time,

nd 5) exsminc or print out the whole parameter array
r any portion of it. Also, the USCr may provide
iles containing 68-character titles or descrlptiona
f parameters to be used in listing parmetera and
aluds.

Utilities

The utilities are not strictly part of the
W-lLY Q system. lhev are a collection of tasks to
●cilitate development of the Q systea, to assist the
ser in producing the exFerimt=nt-specific part of the
aer’i] Q data acquisition ay~tera, and co provide
iagnastic capabilities. Ihese taska include
reprocessors to produce structured FORTRAN and
ssembly language programa, a progran to extract
nfotmation from source fileq to produce
ocmencation, programs to C.xmp the contents of
agnetic tape and of the MBDbranch driver, and a
rogram to initiate single CAMACoperation. The last
rogram 18 particularly useful when debugging CAHAC
ardware.

Anew utility task is provided to print Q data
apes in a readable format. Optiona are provided in
his task to print beginning of run records, print by
un nunber, print comaenta, produce a sunmary of the
usher of ●ach type of event in a run, and print
arious levels of event data information.

Q Subroutil~e Library

The Q subroutine library is a collection of
ubroutines which are used by the various Q
ubaystema, and also subroutines which interface to
he various Q subsystems. ProvidinL a subroutine
ibrary requires only one Q system 711. that links
ith the user software, thus easing the user’s taak of
reducing a Q data acquisitionfanalysis system for the
ser’a experiment.

Conclusion

The additiona and improvements to the Q software
‘ill allow it to support the wide range of experiments
leing done at LA1l.PF now and in the future. ‘l’his
●pabilfty will be extended by future projccta to
reprove the QAL language and to support additional
Iardware. A Q data acquisition/annlysia system
unning under RSX-l l!! should be a viable and
Maintainable ayatcm for many yeara in the future.
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